A new study finds that the evolution of bioluminescent sexual displays drives high species richness across animal lineages, providing a crucial link between microevolutionary and macroevolutionary explanations of biodiversity.
A fundamental pattern of biodiversity seen across the tree of life is that some lineages contain many more species than others. For example, there are over 10,000 species of birds but only 23 species of their closest living evolutionary cousins, crocodilians. Although many branches of evolutionary theory predict that species-level traits can shape patterns of species diversification [1, 2] , testing these hypotheses has proven difficult. Sexually selected characters are potentially a compelling example for how differential patterns of species richness might evolve [3] [4] [5] . At the population level, sexually selected traits, such as plumage or song, can increase rates of reproductive isolation due to the high diversity that is possible within the signaling system and the strong selective pressure for recognizing these signals [3, 4] . Given the importance of reproductive isolation to the formation of new species, the evolutionary acquisition of sexually selected traits within a lineage should leave the macroevolution footprint of high species richness. However, recent studies have found little direct evidence that rates of speciation are predicted by rates of reproductive isolation [6, 7] . Sexually selected traits have also been identified by comparative biologists as evolutionarily key innovations that could drive differential patterns of lineage success [3,5, This widespread evolution for different functions allowed Ellis and Oakley [10] to powerfully test the role of bioluminescence in generating species richness. Reproductive theory predicts that bioluminescence which evolves for sexual display should lead to increased potential for reproductive isolation within a species [3, 4] . Thus, lineages with bioluminescent sexual displays should produce more species than those without them. In contrast, bioluminescence that has evolved for defensive or other purposes is not predicted to affect rates of genetic isolation. Therefore, Ellis and Oakley [10] reason, lineages with defensive bioluminescence should not differ in their counts of species richness from closely related clades that lack this trait.
To test this idea, Ellis and Oakley [10] compiled records on the evolution of bioluminescent courtship behavior in groups of animals with well-resolved evolutionary trees. For lineages with bioluminescent displays, the authors compared species richness in the lineage to that of the most closely related sister lineage without bioluminescence ( Figure 1 ). As predicted by the sexual selection hypothesis, lineages with luminescent sexual displays had significantly higher species richness than those without this trait. When Ellis and Oakley [10] compared richness across sister pairs where bioluminescence had evolved for counter-shading, a kind of anti-predator defense that breaks up the body silhouette of potential prey, they found no significant difference between lineages. These comparisons elegantly disentangle the evolution of bioluminescence from the ecological context in which the trait is used and suggest that the acquisition of luminous courtship displays leads to a more rapid accumulation of species in those lineages. However, sister group comparisons cannot exclude the possibility that the rate of diversification has slowed down in lineages without the focal trait. To test whether the acquisition of luminous sexual displays increases the diversification rate of animal lineages, Ellis and Oakley [10] computed the background rate of diversification for the clades in which luminous lineages have arisen [12] . Background rates describe the average rate of diversification over the entire history of a clade. The expected size of any subclade evolving at this background rate can be determined simply by the subclade age. Ellis and Oakley [10] find that bioluminescent subclades with luminous sexual displays have, on average, more species than predicted by the background rate, supporting the hypothesis that sexual displays lead to increased species richness by accelerating the rate of diversification. In contrast, clades with counter-illuminating displays have fewer species than predicted by background rates.
These results are interesting and important because they provide the most comprehensive evidence to date for the idea that the evolution of sexual displays acts as an engine of speciation. Prior work on the link between sexually selected traits and species richness patterns has been taxonomically restricted, and in some cases, equivocal. For example, bioluminescent sexual displays in fishes have been found to increase diversification rates in some cases [13] but not others [14] . And while some workers have shown that sexual ornamentation is associated with species richness in birds [15] [16] [17] , more recent studies have called these results into question [18, 19] . Although the present study demonstrates that bioluminescent displays have driven richness, how they have done so remains unclear. At macroevolutionary scales, an increase in net diversification could be due to an increase in speciation rate, a decrease in extinction rate, or both. Ellis and Oakley [10] are not able to distinguish among these possibilities, but they hypothesize it is unlikely that visual displays would decrease extinction rates as species with such traits should be more vulnerable to predation.
The study of Ellis and Oakley [10] raises further intriguing questions about the population and specieslevel mechanisms that control macroevolutionary diversity. Recent work has suggested that the rate of acquiring reproductive isolation at the population level is sometimes a very poor predictor of taxonomic richness [6, 20] . These studies suggest that, while reproductive isolation is undoubtedly important to the formation of new species, other processes such as the persistence of newly formed incipient species and the rate of population splitting could decouple rates of reproductive isolation from rates of taxonomic diversification. The central result of Ellis and Oakley [10] suggests that in at least some cases, the enhanced capacity for reproductive isolation provided by sexually selected traits can act to increase species richness. However, if enhanced capacity for reproductive isolation is the primary mechanisms responsible for the link between bioluminescent courtship displays and species richness, it remains unclear why rates of reproductive isolation and speciation appear to be uncorrelated in other studies [6, 7, 20] . A more thorough understanding of the mechanisms by which speciation processes control global biodiversity patterns remains a central challenge. However, by linking a well-understood microevolutionary process to patterns of species diversity across divergent branches of the animal tree of life, Ellis and Oakley [10] have provided evolutionary biologists with a promising system for further empirical and theoretical study. A new study shows that nocturnal light exposure rapidly disrupts the central circadian clock as well as reduces motor performance and bone health. These findings provide a striking example of the costs of living in a disrupted light/dark cycle.
As we warm up our world, we are also lighting up the night skies ( Figure 1 ). In an evolutionary instant, the widespread use of artificial lighting both inside and outdoors has transformed the photic environment within which we live. There are clearly many economic and quality of life benefits to living in a world in which light comes on with a flick of a switch. But there is a growing appreciation of the costs which have to be considered in balance with the benefits [1] [2] [3] . Some of the most compelling examples of costs come from studies of metabolic syndrome. In animal models, the genetic or environmental disruption of the circadian system disrupts glucose regulation [4] [5] [6] . Similarly, laboratory studies where healthy participants were exposed to circadian misalignment provided causative evidence for a deleterious impact on diabetes risk and cardiovascular function [7] [8] [9] . So for both mice and humans, sleep and circadian disruption hinders glycemic control and compromises our health. New work reported in this issue of Current Biology by Lucassen et al. [10] provides evidence that a disrupted photic environment may be a major challenge to musculoskeletal health. Experimentally, they looked at the impact of disrupting the circadian system by placing mice in continuous light (LL) for six months while longitudinally following a number of measures of motor performance and bone health. The authors confirmed that this treatment disrupted rhythms in behavior as well as increased weight and blood glucose, as has been previously shown. Importantly, the authors were able to carry out long-term neuronal recordings from the central circadian clock, embodied in the suprachiasmatic nucleus (SCN), and demonstrate that the LL treatment greatly reduced rhythmicity as measured by neural activity. This LL treatment reduced skeletal muscle function (forelimb grip strength, wirehanging duration, and grid hanging duration), caused bone deterioration, and induced a transient pro-inflammatory state. After the mice were returned to a standard light/dark (LD) cycle, the SCN neurons rapidly recovered their normal high-amplitude rhythm, and many of the parameters returned to age-appropriate levels. These findings strongly suggest that a disrupted circadian rhythm reversibly induces detrimental effects on multiple biological processes involved in motor function.
Those who would like a detailed mechanistic understanding of how LL alters muscle physiology will have to wait for future studies. The authors did demonstrate that SCN neural activity is disrupted by this treatment [11] and argue that these changes in neural activity mediate the impact of LL. The electrical activity rhythms that are the hallmark feature of the central clock appear to be vulnerable to the impact of aging and neurodegeneration [12] . With a reduction of the output signal from the central clock, the circadian network consisting of circadian oscillators found throughout the body would lose their normal pattern of synchrony. Disorganized clocks cause a number of undesirable effects throughout the body [13] including altering the function of key organ systems including the heart, pancreas, liver, and lungs, as well as the brain. Still the
